The goals of this study were to compare the mRNA expression profiles of growth hormone recep tor (GHR) and insulin-like growth factor I (IGF-I) in various tissues of cattle and the semi-wild yak (Datong yak) and to find out whether the mRNA levels of the two genes are correlated. The mRNA levels of GHR and IGF-I in heart, lung, liver, spleen, pancreas, kidney, muscle, mammary gland and ovary of cattle and yak were investigated by using quantitative real-time po ly mer ase chain reaction (PCR). The experiments showed that the transcript levels of the two genes were sig nif i cant ly higher in liver (P<0.05) than in the other tissues for both species and that IGF-I levels varied more among tissues (P<0.01) than did GHR levels. The GHR tran script level in pancreas was higher in yak (P<0.05) than in cattle. There was no statistically sig nif i cant difference in IGF-I tran script levels among all the tissues of both bovine groups. Growth hormone receptor and IGF-I transcript levels were positively correlated in mammary gland (P<0.01), lung (P<0.05) and muscle (P<0.05) in yak, negatively correlated in cattle heart (P<0.05) and not correlated in the other tissues. The results indicate that the two genes are reg u lated differently in various tissues under normal physiological conditions in these two bovine species.
Introduction
The GH (growth hormone)-IGF-I (insulin-like growth factor I) axis, also known as the so mato trophic axis, is significant for metabolic control (Dominici et al. 2005) . In the so ma to trophic axis, circulating GH binds to the extracellular domain of the growth hormone receptor (GHR), which is expressed in all tissues especially in the liver (Ahmed et al. 2010) . The GHR is a transmembrane glycoprotein that belongs to the cytokine receptor superfamily. Growth hormone binding to the GHR leads to the physiological functions of the hormone and affects multiple metabolic pathways and cellular events such as cell proliferation, differentiation, regulation of growth and metabolic processes including glucose uptake and protein metabolism (Dominici et al. 2005 , Casanueva 1992 , Zhang & Ho 2011 .
Growth hormone secreted from the pituitary acts both directly and indirectly through induction of IGF-I to promote tissue growth and regulate metabolism (Lobie et al. 2000 , Frystyk 2004 ). Growth hormone induces IGF-I expression in the liver and peripheral target tissues but it is hepatic-derived IGF-I that accounts for most of the circulating IGF-I (Le Roith et al. 2001) . Insulin-like growth factor I is regarded as the most sensitive marker of GH secretory status in both GH-deficient patients and acromegalics. In addition, serum IGF-I levels show strong correlation with administered GH dose in GH-deficient patients (de Boer et al. 1996) .
The yak (Bos grunniens) inhabits steppes on the Qinghai-Tibetan Plateau of the Himalayan highlands and is the only bovine species adapted to a harsh environment at high altitudes (3 000-5 000 m) with low oxygen, severely cold winters and short growing seasons for herbage (Wiener et al. 2003) .
The adaptability of the yak is obviously strong compared with cattle. It is vital to comprehend the relationship between genes and growth in cattle and yak. The GHR and IGF-I are the primary genes for growth and development. That is why describing the contributions of GHR and IGF-I genes to development may enhance our understanding of the different mechanisms dominating growth and development in these two bovine species and lead to the production of improved cattle. To the best of our knowledge, there are no published comparative data on GHR and IGF-I expression in yak and cattle. In this study, GHR and IGF-I expression in various tissues of these two bovine species are described and the correlation of their expression across species and tissues is tested.
Material and methods

RNA isolation and reverse transcription
Various tissues were collected from 10 cattle and 10 yaks. All animals were adult (more than 4 years old) and unrelated to one another. They were selected at random from the Gannan yak farm of Gan Su province at an altitude of 3 000 m above sea level. They were con sidered as biological replicates and were all in a good health status without supplementary feeding or fattening. After slaughter, a sample of the same region of the heart, lung, liver, spleen, pan cre as, kidney, muscle, mammary gland and ovary was taken from each ex per imen tal animal, immediately frozen in liquid nitrogen, crushed to powder on the same day and stored at −80 °C. Total RNA was extracted using Invitrogen TRIzol (Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. A fraction of the RNA was DNase-treated using a Ambion DNA free kit (Life Technologies, Carlsbad, CA, USA). The RNA concentration and OD260/280 ratio of the samples were then measured with a NanoDrop 2000 Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA) giving values between 600 and 5 000 ng/ml and between 1.9 and 2.1, respectively. Ribonucleic acid quality was assessed by evaluation of the 28S and the 18S ribosomal bands on a 1.2 % agarose electro pho re tic gel. Each RNA sample was diluted to 500 ng/ml and reverse transcribed by using a PrimeScript RT reagent Kit (Ta kara Bio, Otsu, Japan).
Primer design
Complete mRNA sequences of GAPDH (glyceraldehyde-3-phosphate dehydrogenase, EU195062) and ACTB (β-actin, DQ838049) from yak have been previously deposited in GenBank. For GHR and IGF-I, whose yak mRNA sequences are not available, coding regions from bovine GHR (NM_176608) and IGF-I (NM_001077828) were used to design primers. Using the Primer v. 5.0 software (Primer-E Ltd, Lutton, UK) primer pairs were designed to generate short amplicons of 80-150 base pairs (bp) spanning at least two exons and avoiding sequence polymorphisms between cattle and yak. Dimer-forming primers were avoided by using Mfold (http://mfold.rna.albany.edu/?q=mfold) (Zuker 2003 ). The primers are described in Table 1 . The identity of PCR products was evaluated by sequencing using M13 forward and reverse primers. 
Standard curves
Standard curves were used to assess the amplification efficiency of each primer. Polymerase chain reaction was performed using the SYBR Premix Ex TaqTM II (Takara Bio, Otsu, Japan) with the primers from Table 1 . In all PCRs, each primer was used at 20 μM. An 8-point 2-fold dilution series was included in every run to create a relative standard curve used for calculating PCR efficiency. Reaction conditions were as follows: 95 °C for 30 s, then 40 cycles of 95 °C for 5 s and 56 °C for 20 s, respectively. Reactions were run on a CFX96TM Real-Time System (Bio-Rad, Hercules, CA, USA). Parallel reactions were performed in triplicate for every cDNA sample. A template-free control and a sample without reverse transcriptase were included in each amplification run. The absence of primer dimers was verified by melting curve analysis and by 4 % agarose gel electrophoresis. Standard curves were analysed using the CFX96TM Real-Time System.
Real-time quantitative PCR assays
One sample was randomly selected as the control and was present in each PCR reaction plate. Polymerase chain reactions were prepared with 10 μl Power SYBR Premix Ex TaqTM II with a final concentration of 400 nM of each primer and 5 μl of template diluted 1 : 50 in a total reaction volume of 20 μl. Using the cycling conditions described above, the reactions for these genes were performed in triplicate in three independent runs.
Statistical analysis
The relative quantities obtained from the PCRs were normalized by dividing the raw gene expression data by the normalization factor, the geometric mean of the raw expression data of the two most stable reference genes. Based on the standard curves for each gene, the samples' cDNA copy numbers were calculated according to the quantitative mean of each sample. Finally, each of the calculated copy numbers for the genes of interest was normalized against the corresponding GAPDH and ACTB copy numbers. Relative expression levels were calculated using the following formula:
where E G is the amplification efficiency of GAPDH gene, E A is the amplification efficiency of ACTB gene, E T is the amplification efficiency of target gene, C (t)G0 is the GAPDH C (t) of control sample, C (t)Gn is the GAPDH C (t) of number n sample, C (t)A is the ACTB C (t) of control sample, C (t)An is the ACTB C (t) of number n sample, C (t)T0 is the unknown gene C (t) of control sample and C (t)Tn is the unknown gene C (t) of number n sample. For all statistical analyses, these normalized expression data were converted to logarithmic values in order to obtain symmetrical data. Two freely available software tools, geNorm (http://medgen.ugent.be/~jvdesomp/genorm/index.php) and NormFinder (http://moma. dk/normfinder-software), were used to evaluate the stability of expression of two reference genes and quantities transformed to a linear scale (the highest relative quantity for each gene was set to 1) were used as input data.
All gene expression data were subjected to the independent-samples t-test and Spearman nonparametric correlation test using the SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, USA). Values of P<0.05 were considered statistically significant and P<0.01 were considered highly statistically significant.
Results
Calculation of PCR efficiency
The amplific ation efficiency of each PCR assay was calculated using serial dilutions of each template and ranged from 197.2 % to 215.6 % ( Table 2) . Primer dimers were absent in all reactions. 
GHR and IGF-I mRNA expression patterns
Transcript levels of GHR and IGF-I were quantified using GAPDH and ACTB as internal reference genes in the nine tissues from cattle and yak. The variation in IGF-I transcript levels was larger (P<0.01) than that for GHR in the various tissues in the two species (Figure 1) . In both species, the GHR and IGF-I mRNA levels were significantly higher in liver (P<0.05) than in the other tissues, the GHR transcript level was lowest (P<0.05) in heart and the lowest IGF-I transcript level was seen in muscle. The GHR transcript level in pancreas in the yak group was higher (P<0.05) than that in the cattle group. There was no other statistically significant difference between cattle and yak. Insulin-like growth factor I mRNA levels in the various tissues did not differ between the two bovine groups.
Correlation between GHR and IGF-I transcript levels
The GHR and IGF-I transcript profiles in the different cattle and yak tissues were analysed using Pearson's correlation coefficient. Positive correlations were found between GHR and IGF-I transcript levels in mammary gland (Pearson Correlation=0.991, P<0.01) 
Discussion
In view of the important role of the GHR and I GF-I genes in growth and development, the goals of the present study were to describe the mRNA expression profiles of these two genes in cattle and yak and explore the relationship between them in various tissues of the two species. Under normal physiological conditions, the synthesis of any component of the organism should be equal to the amount of it required (Smith & Chapman 2010) , so translational and transcript levels for most of the genes should be equal too. Meanwhile, decreased serum IGF-I is related to reduced liver IGF-I mRNA in food-deprived cattle (Wang et al. 2003) . Thus, the mRNA levels of the IGF-I and GHR genes may reflect to some extent the GHR and IGF-I concentrations in different tissues of the yak. We used GAPDH and ACTB as two internal references for quantitative real-time PCR measurements of the transcript levels of GHR and IGF-I because using two internal references is more reliable than using only one. The GHR and IGF-I mRNA expression vary in different animal tissues. For example, GH stimulates IGF-I mRNA expressi on in liver, semitendinosus muscle and adipose tissue but not in longissimus muscle and regulates GHR mRNA in liver and skeletal muscle but not in adipose tissue (Rhoads et al. 2007) . In the present study, the GHR and IGF-I mRNA levels in various tissues of cattle and yak are described. Both genes were highest expressed in liver. The highest GHR and IGF-I mRNA concentrations were found in liver in accordance with previous studies related to several mammals (Lucy et al. 1998 , Han et al. 1987 , Liu et al. 2000 . Our measurements of GHR and IGF-I mRNA levels in cattle and yak show that different tissues need different amounts of these two growth factors for growth.
Plasma GH is known to cause the release of hepatic IGF-I into the blood stream and this accounts for 75 % of circulating IGF-I. However, liver IGF-I is not important for growth since conditional disruption of the liver IGF-I gene does not result in a reduction in mouse size even when IGF-I is depressed by 75 % (Yakar et al. 1999) . Liver-specific knockout of IGF-I, although dramatically lowering serum IGF-I levels, does not prevent normal growth, suggesting that autocrine/paracrine IGF-I (rather than liver-derived IGF-I) may predominate for normal postnatal growth (Yakar et al. 1999 , Sjögren et al. 1999 . The GHR is located at the cell membrane and executes signal transmission functions from GH. Its transcription and translation are completed by the local cell, in whose membrane GHR is situated. This study showed that the transcript level of GHR in the pancreas is higher in yak than in cattle. This result suggests that the pancreas may have a higher metabolic rate in yak than in cattle. Growth hormone plays an important role in the regulation of GHR and IGF-I and it may link the actions of the GHR and IGF-I genes (Dominici et al. 2005 , Sotelo et al. 1998 . Growth hormone has been shown to regulate the steady-state level of IGF-I mRNA in both hepatic and extra-hepatic tissues and IGF-I production is dependent on GH and the presence of GHR that are abundant in postnatal liver (Huang et al. 2004) . Growth hormone binding to GHR in the liver activates a signalling pathway that culminates in IGF-I gene transcription (Netchine et al. 2011) . The circulating levels of GH augment muscle IGF-I protein expression only in the presence of an intact GHR but the absence of a functional GHR does not affect basal levels of muscle IGF-I protein in female mice. In patients with the d3-allele, even treated with a similar mean GH dose, individuals carrying at least one GHR d3-allele reached higher IGF-I levels than those homozygous for the full-length allele (Glad et al. 2010) . Growth hormone can also affect the expression level of GHR. Growth hormone deficiency was associated with diminished body weight and GHR expression, while increased GH concentration led to increased GHR expression (González et al. 2007) .
The above research results suggest that the mRNA expression levels of GHR and IGF-I may be closely correlated and that there is a molecular pathway regulating the genes' interaction. The analysis of transcript levels in nine different tissues indicated that GHR and IGF-I expression are positively correlated in mammary gland, muscle and lung of yak under normal physiological conditions. This suggests that these three tissues have more rapid metabolism rates than other tissues in the yak. The yak may adapt to the harsh environment at high altitudes with low oxygen and severely cold winters on the Qinghai-Tibetan Plateau through the special function of these three tissues. To our surprise, mRNA levels of the two genes were negatively correlated in cattle heart. This is probably due to a differential regulation of GHR and IGF-I mRNA expression among different tissues at different developmental stages and according to physiological status (Jiang & Lucy 2001) .
The IGF-I concentration of each tissue comprises two main parts, plasma IGF-I from liver and local IGF-I from the tissue itself. Circulating GH appears to be involved only in the aug men tation of resting muscle IGF-I protein concentrations and not in the maintenance of basal muscle IGF-I protein levels (Micke et al. 2011) . Another possibility is that the transcript levels of GHR and IGF-I are not regulated by the same pathway. A report of the effect of the combined knockout of the GHR and IGF-I genes compared with the individual knockouts of each suggested that GH and IGF-I may contribute independently to growth in the mouse (Lupu et al. 2001 ).
In conclusion, we have described the total mRNA transcript profiles for GHR and IGF-I in nine tissues of cattle and yak by using real-time PCR and have analysed the correlation of the two genes' expression profiles in these tissues. The results suggest that there may be a real relationship between the supply of and requirement for GHR and IGF-I during the growth and development of the yak and different regulatory mechanisms in different tissues of cattle and yak.
